Probing protein folding using site-specifically encoded unnatural amino acids as FRET donors with tryptophan.
The experimental study of protein folding is enhanced by the use of nonintrusive probes that are sensitive to local conformational changes in the protein structure. Here, we report the selection of an aminoacyl-tRNA synthetase/tRNA pair for the cotranslational, site-specific incorporation of two unnatural amino acids that can function as fluorescence resonance energy transfer (FRET) donors with Trp to probe the disruption of the hydrophobic core upon protein unfolding. l-4-Cyanophenylalanine (pCNPhe) and 4-ethynylphenylalanine (pENPhe) were incorporated into the hydrophobic core of the 171-residue protein, T4 lysozyme. The FRET donor ability of pCNPhe and pENPhe is evident by the overlap of the emission spectra of pCNPhe and pENPhe with the absorbance spectrum of Trp. The incorporation of both unnatural amino acids in place of a phenylalanine in the hydrophobic core of T4 lysozyme was well tolerated by the protein, due in part to the small size of the cyano and ethynyl groups. The hydrophobic nature of the ethynyl group of pENPhe suggests that this unnatural amino acid is a more conservative substitution into the hydrophobic core of the protein compared to pCNPhe. The urea-induced disruption of the hydrophobic core of the protein was probed by the change in FRET efficiency between either pCNPhe or pENPhe and the Trp residues in T4 lysozyme. The methodology for the study of protein conformational changes using FRET presented here is of general applicability to the study of protein structural changes, since the incorporation of the unnatural amino acids is not inherently limited by the size of the protein.